ABSTRACT -(Palynotaxonomy of Vernonanthura H. Rob. (Vernonieae, Asteraceae) species from Southeast Brazil). The present work studied the pollinic characteristics of 22 species of Vernonanthura from Southeast Brazil. The pollen grains were acetolysed, measured, described and ilustrated under light, scanning and transmission electron microscopy. Based on the results, Vernonanthura was considered an euripolinic genus as pollen grains presented distinctive characteristics, mainly related to the ornamentation, the size and apertures of the pollen grains, which may serve as a further tool in the delimitation of the species.
Introduction
The genus Vernonanthura was described by Robinson (1992) based on species of the genus Vernonia Schreb. with which it shares some attributes, such as thyrsoid to pyramidal infl orescences, sessile heads, minute involucral bracts, fl at receptacle, glabrous corolla with distinctive longitudinal resin ducts at the lobes, tailed anther bases, oblongo-ovatae, generally glandulous; cypsela with raphids from subquadrate to oblong, and, with a pollen type A, that is echinate to sublophate, tricolporate, continuous tectum, microperforated and with prominent spines (Jones 1977) .
In an analysis of the generic and subtribal status of Vernonieae, Robinson (1999) stated that the pollen type A is apparently a reversion of the lophate form and is well fi xed in some groups of Neotropical Vernonieae, such as Lychnophorinae, Piptocarphinae and Vernonia/ Vernonanthura.
According to Robinson (1992 Robinson ( , 1999 , Vernonanthura has 65 species, distributed through Mexico, the West Indies, Central and South America. In Brazil, there are about 34 species, predominantly in Southern and Southeastern regions. Furthermore, the author emphasized that the species of typical Vernoniinae (Vernonia s.s., Vernonanthura H. Rob., Cololobus H. Rob. and Trepadonia H. Rob.) are characterized by glabrous lobes of the corola and also by a pollen grains type A. Stutts (1988) revised the subsection Chamaedrys of the genus Vernonia s.l., setting in order the species of Vernonanthura in two subsections using, among other characters, the pollen grains, which, according to the author, belonged to the type B (echinolophate, tricolporate pollen grains, with a discontinuous tectum, microperforated, without polar lacunae). Based on Jones (1979) , the author created a newly subgroup with some excluded species from Chamaedrys: the subsection Brevifoliae. Stutts' revision (1988) also closed the subsection Nudifl orae, uniting Vernonia nidufl ora Less. and Vernonia lucida Less. (previously subordinated to subsection Chamaedrys) on series Nudifl orae.
The present work characterized 22 species of Vernonanthura from Southeast Brazil, providing information to evaluate the recent classifi cation proposed by Robinson (1999) .
Material and methods
The pollen morphology of the 22 species of Vernonanthura that occur in Southeast Brazil was studied. Cunha, 10-VII-1980, A. Custodio-Filho 285 (MBM) For the study under light microscope (LM), the pollen grains were submitted to the Erdtman (1952) acetolytic method, measured up to seven days later (Salgado-Labouriau 1973) , and photomicrographed. For scanning electron microscopy (SEM), non acetolysed pollen samples were mounted on stubs and coated with gold-platinum. The analysis was done in a JSM-5310 microscope in the Laboratório de Ultraestrutura Celular Hertha Meyer, Instituto de Biofísica, Universidade Federal do Rio de Janeiro. For transmission electron microscopy (TEM), the anthers were dehydrated by 2% glutaraldehyde solution, embedded in Spurr resin, and sectioned with a diamond knife on Ultra-microtome U2088.
A minimum of 25 pollen grains per sample were measured in equatorial view (polar diameter = PD and equatorial diameter = ED) in the light microscope (LM). In all the measurements, the spines were included. Statistical procedures were carried out, calculating the arithmetic mean (x); the standard deviation of the mean (s x ) and the confi dence interval at 95%. For the measurements of the other characteristics, such as equatorial diameter in polar view (EDPV), side of apocolpium (SA), endoapertures size and layers of exine, the arithmetic mean of 10 measurements were calculated. The same procedure was applied for the measurements of the pollen grain diameters of the comparison material.
The terminology used for pollen descriptions followed the criteria of Punt et al. (2007) ; the denomination of the polar area and the dimensions of the apertures are in accordance with the classifi cation for the polar area index established by Faegri & Iversen (1966) .
Results
The pollen grains (fi gures 1-99) were medium (25.0 μm to 50.0 μm) to large sized (50.0 μm to 100.0 μm) only in V. crassa, V. ignobilis, V. lucida, V. oligolepis and V. viscidula, isopolar, oblate spheroidal (table 1), subtriangular to subcircular amb, very small polar area (V. crassa, V. ferruginea, V. mucronulata, V. oligolepis, V. paludosa, V. petiolaris and V. puberula) or small (table 2), 3-colporate with a subechinolophate  surface (fi gures 2 , 8, 10, 13, 19, 22, 30, 42, 54, 57, 70, 88, 94 10, 16, 22, 27, 42, 52, 56, 66, 72, 77, 82, 85 and 89) . In the latter pattern were found regions between the muri that may be broad or narrow, psilate to lightly scabrate. In the apocolpus region, the muri may be continuous (in the majority of the species) or discontinuous (fi gures 14, 18, 32, 36, 47, 62, 74, 82, 89) and their concentration also varies, being possible to fi nd muri only delimiting the apertures (V. ignobilis, V. oligolepis). The muri thickness in the apocolpus area varied from 1.5 in V. membranacea to 4.0 μm in V. crassa. In the mesocolpus, the organization of the muri varies and their discontinuity in some species is so great that isolated spines may be found, such as in V. ignobilis and V. lindbergii (fi gures 34, 39). The spines show variations in length and width ( cuneifolia, V. discolor and V. membranacea. The width of the spines ranged between 1.4 (V. divaricata) and 2.9 μm (V. westiniana). The distance between the spines varies widely, ranging from 6.2 (V. discolor) to 10.6 μm (V. mucronulata). The nexine is always thinner than the sexine (table 3) . In SEM, the differences in quantity and size of the perforations can be better observed at the base of the spines, and also the details of the muri previously described, as well as the presence of perforations throughout their extension, with spines which are apart in their superior part. In TEM (fi gure 99), long, thick, solid columella can be observed supporting spines, which are linked by a thick tectum.
Comments - 
Discussion
The 22 species of Vernonanthura presented homogeneous pollen grains regarding the shape (oblate spheroidal), the type of aperture (3 colpori) and the organization of the ornamentation patterns. They differ in size (medium or large), polar area (very small or small), endoapertures confi gurations (with or without a median constriction) and ornamentation details. Based on these differences, mostly species can be distinguished, with the exception of Vernonanthura paludosa × V. petiolaris and V. divaricata × V. membranacea.
There are few studies about the pollen morphology of Vernonia species moved to the genus Vernonanthura (Robinson 1992) . Stix (1960) recognized 42 different pollen types in the Asteraceae based on the ornamentation and structure of the exine. Within the Lychnophora type was included Vernonia diffusa Less. (= Vernonanthura divaricata) that has been analyzed in this work. The species examined here shows similar characteristics as the Lychnophora type designated by Stix (1960) . Kingham (1976) studied the pollinic morphology of the Vernonieae and established six pollen types based on the exine organization. Among the analyzed species, Vernonia brasiliana (L.) Druce (= Vernonanthura brasiliana) was placed in type VI by the author (subechinolophate to echinate, tricolporate with microperforated muri). The author further emphasized that there was a possibility of a subdivision for the type, based on the organization of the spines (these may be regularly or irregularly spaced) and by the number of perforations in the muri. The present study confi rms the classifi cation of Vernonanthura brasiliana in Kingham's (1976) type VI, and the possibilities of the subdivisions suggested by him. The pollinic key here elaborated confi rms Kingham's observation (1976) regarding the differences in organization of the exine (muri tending or not towards the lophate pattern). Keeley & Jones (1977) studied the species of Vernonia from New World and described three pollen types called A, B and C. Some years later, Jones (1979) recognized these three types and described an additional type named "D" (pollen grains echinolophate, triporate, discontinuous tectum, microperforated). The author affi rmed the occurrence of the types A and B in the subsection of Vernonia chamaedrys Less. and classifi ed as type A the species V. chamaedrys, V. crassa, V. cuneifolia, V. montevidensis, V. mucronulata, V. puberula, V. rigiophylla and V. viscidula, all them analyzed in this study. For the subsection Nudifl orae, the author reports only the type A, in which, among others, lie the species V. brasiliana, V. mariana and V. westiniana. The present study confi rms the classifi cation of the pollen grains as suggested by Jones (1979) based on the ornamentation pattern and the apertural type, according to which the Vernonanthura species present type A pollen grains. Robinson (1999) pointed out that pollen morphology is a useful characteristic for the taxonomy of the Vernonieae and, according to the author, it is inexplicable that taxons are still described without pollen details. However, Robinson (1999) applied imprecise terms in his brief descriptions, such as rhizomate form (= ramifi cation of the columellae) and baculate of the crests (= muri) of the lophate exine. The author suggested that the pollen type A, found in Vernonanthura, is apparently, a reversion of the lophate shape, which was maintained on some groups of Neotropical Vernonieae, such as Vernonia/Vernonanthura. In our study, the proposition for Vernonanthura made by Robinson (1999) was not supported, because some species presented typical subechinolophate pollen grains, and, in others, a tendency towards the lophate pattern. Even so, at the moment, it can not be confi rmed which of the two types is more basal, as phylogenetic studies will possibly be required for elucidation.
Mendonça & Gonçalves-Esteves (2000) described the pollen morphology of some species of the tribe Vernonieae occurring in the Carapebus "restinga" in Rio de Janeiro. Among studied species, Vernonia beyrichii Less. (Vernonanthura beyrichii (Less.) H. Rob.) is outstanding as it presents large pollen grains, isopolar, prolate spheroidal, triangular amb, small polar area, tricolporate, subechinolophate. This species seems very similar to Vernonanthura ignobilis, due to the pollen size and the small polar area, but it can be separated by the prolate spheroidal shape, endoapertures notably lalongate (10 × 7.0 μm) and the slightly sinuous muri tending towards a lophate pattern, distributed uniformly in the apocolpium. DeVore et al. (2000) , using TEM, accepted the defi nitions made by Skvarla et al. (1977) about the "anthemoide" pattern (non-caveate exine, long basal columella, above which it has shorter columellae alternating with internal tectum). According to authors, Lactuceae, Liabeae and Vernonieae present the "liabioideantemoide" pattern as derived from an ancestral caveate shared with Asteroideae. The "antemoide" pattern evolved inside the subfamily Asteroideae. In our study, Vernonanthura westiniana, the single species analyzed with TEM, showed a pattern similar to the "antemoide", mainly due to the lack of cava.
In an analysis of the pollen variability of the plants from Campos de Jordão, Melhem et al. (2003) described 41 species of Compositae, including Vernonia polyanthes Less. (Vernonanthura phosphorica) and Vernonia westiniana Less. (Vernonanthura westiniana). Confronting the results found by the authors against those observed here, differences were ascertained, mainly in relation to the ornamentation. The authors described the exine as lophate, while in this study the sexine was considered subechinolophate. The authors suggested that the pollen of Vernonanthura phosphorica is large sized, and that the pollen of V. westiniana presents spherical shape. In our study, these species are considered medium size with an oblate spheroidal shape. However, the disparity in the results may be attributed to the incorrect taxonomic identifi cation of the analyzed taxa. Skvarla et al. (2005) described the pollen grains of eight North American species of Vernonia s.s. and three of Elephantopus. The authors concluded that the fi rst genus presents subechinolophate exine with two types of columellae; in the fi rst, the columellae are individual, solid, larger, ca. 2 μm in diameter and support the spine; in the second type, the columellae are smaller, ca. 1 μm diameter, less solid and do not support the spine. The pollen grains of the Vernonanthura species analyzed here, in both SEM and TEM (Vernonanthura westiniana), were similar (subechinolophate, tricolporate) to the Vernonia s.s. described by Skvarla et al. (2005) . Based on the results found, it is considered that the evaluation of the pollen grain, does not reinforce the separation of those species currently maintained by Robinson (1988 Robinson ( , 1994 in Vernonia s.s. because Vernonanthura presents subechinolophate and tricolporate pollen.
From the obtained results, Vernonanthura was considered an euripolinic genus whose pollen grains presented typical morphological characteristics, mainly regarding to the ornamentation, the size of the pollen grains and the features of the aperture, and all them may serve as further tools in delimitation of the species.
